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Abstract 
Natural radioactivity is wide spread in the earth’s environment and exists in various geological formations like soils, rocks, water 
and sand etc. The measurement of activities of naturally occurring radionuclides 226Ra, 232Th and 40K is important for the 
estimation of radiation risk and has been the subject of interest of research scientists all over the world. Building construction 
materials and soil beneath the house are the main sources of radon inside the dwellings. Radon exhalation rate from building 
materials like, cement, sand and concrete etc. is a major source of radiation to the habitants. In the present studies radon 
exhalation rates in sand samples collected from Gopalpur and Rushikulya beach placer deposit in Orissa are measured by using 
“Sealed Can technique” with LR-115 type II nuclear track detectors. In Samples from Rushikulya beach show radon activities 
varying from 389 ± 24 to 997 ± 38  Bq m-3 with an average value of 549 ±28 Bq m-3. Surface exhalation rates in these samples 
are found to vary from 140 ± 9 to 359 ± 14 mBq m-2 h-1with an average value of 197 ±10 mBq m-2 h-1, whereas, mass exhalation 
rates vary from 5 ± 0.3 to 14 ± 0.5 mBq kg-1 h-1 with an average value of 8 ± 0.4 mBq kg-1 h-1.  Samples from Gopalpur radon 
activities are found to vary from 371 ± 23 to 800 ± 34 Bq m-3 with an average value of 549 ± 28 Bq m-3. Surface exhalation rates 
in these samples are found to vary from 133 ± 8 to 288 ± 12 mBq m-2h-1 with an average value of 197 ± 10 mBq m-2 h-1, whereas, 
mass exhalation rates vary from 5 ± 0.3 to 11 ± 1 mBq kg-1 h-1 with an average value of 8 ± 0.4 mBq kg-1 h-1.  
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1. Introduction 
Naturally occurring radionuclides of terrestrial origin are present in the earth’s crust since its origin. Radioactive 
toxic elements uranium, thorium and potassium are found in traces in almost all types of rock, sand, soil and water 
(Kumar R. et al., 2008).. Natural radioactivity is wide spread in the earth’s environment and it exists in various 
geological formations in soil, rocks, water, sand and air (Aly Abdo et al., 1999). Distribution of naturally occurring 
radionuclides mainly 238U, 232Th and 40K and other radioactive elements in solids depends on the distribution in 
rocks from which they originate. High background radiation areas (HBRAs) are found in the world and are due the 
local geological controls and geochemical effects and cause enhanced levels of terrestrial radiation (UNSCEAR, 
2000). Recently (Mohanty et al. 2004a) have carried out natural radioactivity measurements in the newly discovered 
HBRA on the eastern coast of Orissa, and higher levels of uranium, thorium and potassium are observed in the sand 
samples. Short lived daughters of radon are established as causative agents of lung cancer (UNSCEAR, 2000). 
Under specific conditions such as prevailing in the uranium mining environment and in HBRA’s the lung dose due 
to radon progenies may be sufficiently high (Kumar et al.,2003). Radon exhaling properties of porous materials are 
of prime importance for the measurement of radiation risk and have been the subject of several investigations        
(Mahur et al., 2005). In the present study radon exhalation rate measurement from the sand samples of the 
Rushikulya and Gopalpur beach deposit, a part of the eastern coast of state of Orissa, India, has been carried out. 
2. Experimental Techniques    
Measurements of radon exhalation rates have been done using Can technique. The sample is placed in the lower 
part of a sealed cylindrical can and an D-sensitive solid state nuclear track detector is fixed on the inner upper 
surface of the can (diameter 7.0 cm and height 7.5 cm)  (Abu-Jarad et al., 1980). In such measurements, it is 
expected that the exhalation rate depends upon the material and its amount as well as on the geometry and 
dimension of the Can and can be estimated with sufficient accuracy (Somogy et al., 1986). Sand samples collected 
from the Rushikulya and Gopalpur beach deposit of Orissa, India were dried and sieved through a 100-mesh sieve. 
Equal amount of each sample of 100 gm was placed in the Can. LR-115 type-II plastic track detector of size 3 cm × 
3 cm was fixed at the top inside of the Can. The sensitive lower surface of the detector is thus freely exposed to the 
emergent radon from the sand sample in the Can so that it is capable of recording the alpha particles resulting from 
the decay of radon in the Can. Radon and its daughters reach an equilibrium concentration after a week or more and 
thus the equilibrium activity of emergent radon could be obtained from the time of exposure and the geometry of the 
Can. After the exposure for 90 days, the detectors from all the Cans were retrieved and were etched in 2.5N NaOH 
at 60 oC for a period of 70 min in a constant temperature water bath for revelation of tracks. Resulting alpha tracks 
were count using spark counting system.  
Surface exhalation rate and mass exhalation rate are obtained from the following expressions (Sharma A. et. al., 
2014). 
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Where, EX, exhalation rate (Bq m-2 h-1); EM, mass exhalation rate (Bq kg-1 h-1); C, integrated radon exposure V is 
effective volume of Can; O is decay constant of Radon is exposure (h-1); T is exposure time (h); A is covered area of 
Can (m2); M is mass of sample in Can. 
3. Results and Discussion 
The results of the radon activity, radon exhalation rate, mass exhalation rate and effective doses in the sand 
collected from Rushikulya beach, Orissa state of India are presented in Table 1. Radon activity has been found to 
vary from 389 ± 24 to 997 ± 38 Bq m-3 with an average value of 686 ± 24 Bq m-3, Radon exhalation rate varies from 
140 ± 9 to 359 ± 14 mBq m-2 h-1 with an average value of 247 ± 12 mBq m-2 h-1 whereas mass exhalation rate is 
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found to vary from 5 ± 0.3 to 14 ± 1 mBq kg-1 h-1 with an average value of 9 ± 0.4 mBq kg-1 h-1. Calculated values of 
indoor inhalation exposure (radon) effective dose have been found to vary from 16 ± 1 to 42 ± 1 μSv y-1 with an 
average value of 29 ± 1 μSv y-1.  
The results of the radon activity, radon exhalation rate, mass exhalation rate and effective doses in the sand 
samples collected from Gopalpur beach, Orissa state of India are given in Table 2. Radon activity has been found to 
vary from 371 ± 23 to 800 ± 34 Bqm-3 with an average value of 549 ± 28 Bqm-3. Radon exhalation rate vary from 
133 ± 8 to 288 ± 12 mBqm-2h-1 with an average value of 197 ± 10 mBqm-2h-1, whereas mass exhalation rate has been 
found to vary from 5 ± 0.3 to 11 ± 0.4 mBq kg-1h-1 with an average value of 8 ± 0.3 mBq kg-1h-1. Calculated values 
of indoor inhalation exposure (radon) effective dose has been observed to vary from 16 ± 1 to 34 ± 1 μSv y-1  with an 
average value of  23 ± 1 μSv y-1. 
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  Fig. 1. (a) Bar diagram showing R.A, EX, , EM and effective dose           (b) Bar diagram showing R.A, EX , EM and effective  dose 
                   in sand samples from  Rushikulya beach                                       in sand samples from  Gopalpur beach             
Conclusion 
The values of radon exhalation rates from the sand samples from Rushikulya and Gopalpur beach deposit, 
HBRAs of Orissa, India, used in the present study found to higher values than the sand samples from normal 
background region in India. The values of annual effective dose were also found to be high the permissible limits. 
As the sand is the basic ingredient used in construction materials in India. Hence we conclude that the result from 
the sand samples used in present study indicate that the sand  used in this region as construction material may give 
significant radiation dose and pose radiological risk to the population. 
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